
Considerable evidence exists to suggest that 
conscious mental activity is coupled to an  active 
utilization of oxygen by the brain. When there 
is a deficiency in the oxygen snpply to the brain, 
produced, for example, by anoxia or cerebral 
ischemia. consciousness is rapidly impaired ( 1, 
2 ) .  Conversely, the depression of consciousness 
observed in various pathological states has been 
found to he accompanied by an appreciable re- 
duction in cerehral oxygen consumption ( 3 4 ) .  
Indeed, there has been observed a striking paral- 
lelism between the level of conscious activity in 
these states and the rate of oxygen utilization by 
the brain (7). 

The  fact that both cerebral oxygen consumption 
and conscious mental activity are concomitantly 
depressed in various non-physiologic states leaves 
unanswered, however, the question of whether the 
various mental activities which characterize the 
state of consciousness require energy derived 
from oxidative processes. It is conceivable that 
the oxygen required hy the brain to sustain con- 
sciousness may be utilized only to maintain its 
structural and functional integrity without any 
oxygen being consumed by the actual mental 
processes themselves, in the sense that muscular 
work, either skeletal or cardiac, requires additional 
amounts of oxygen (8, 9) .  That such may be the 
case is suggested by the findings of Mangold and 
his associates that in natural sleep, a state of rela- 
tive unconsciousness unassociated with pathologic 
processes, cerebral oxygen consumption is un- 
changed from the normal waking state (10). 

Because of the nature of the phenomena, in- 
vestigations of mental processes are  limited al- 
most exclusively to studies in unanesthetized man. 

1 This investigation was supported in part by a re- 
search grant from the Division of Research Grants and 
Fellowships of the National Instittites of Health, United 
States Public Health Service. 

.I lack of suitable methods has prevented previ- 
ous studies of the eEfects of mental activity on 
cerehral oxygen consumption. Attempts have 
I m n  made, however, to describe, a t  least quali- 
tativrly. the effect of such activity on the cerebral 
circulation. Thus, Fulton has observed in a pa- 
tient with an arteriovenous aneurysm overlying the 
occipital Inbe that the bruit, andihle through the 
occipital lohe, became more prominent when the 
patient was reading (11). In ten of fifteen cases, 
Lennox found increases in the oxygen content of 
internal jugular venous blood during the reading 
and performance of problems in mental arithmetic 
( 12).  H e  interpreted these results as indicative 
of a dilatation of cerebral vessels, reasoning that 
a decrease in oxygen consumption which would 
have produced the same findings was less prob- 
able. 

The  present availa1)ility of more specific nieth- 
ods permits a more definitive examination of the 
influence of mental activity on the cerebral cir- 
ciilation and metaholism, the purpose for which 
this study was undertaken. 

METHOD 

Studies of the effect of concentrated mental effort on 
cerebral circulation and metabolism were performed on 
13 healthy, young, male university students and faculty 
members. Seven of the subjects were rested a t  the time 
of the study. The remaining six had originally been 
scheduled for similar studies in natural sleep (10) and 
had missed four to six hours of sleep; they were used 
in the present experiments hecame they were unable 
to sleep under the conditions of the procedure. FAch 
study consisted of tiyo determinations of cerebral blood 
flow by means of the nitrous oxide technique (13), first, 
a control determination during which the subject was in 
a state of complete physical rest and as great a degree 
of mental relaxation as the procedure would permit, fol- 
lowed by an experimental determination. during which 
the subject was presented orally with problems in 
arithmetic to solve nlentally. To allow for a pnssihlr 
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lag in the effect of mental exercise on the functions 
measured, the reading of the arithmetical problems was 
begun five minutes prior to the cerebral blood flow de- 
termination ant1 continued throughout the ten-minute pe- 
riod required for the procedure. Since the face mask 
required hy the nitrous oxide tecliniquc precluded vocal 
ans\vers by the subjects, tlie problems were so dc- 
signed that the aiisrvers were always an integer from one 
to five wliich could be indicated on the fingers of one 
hand. The Iirol,lenis were of sufficient complexity, how- 
ever, to prevent sollition \\ itliout concctitratctl mental ef- 
fort (Figure 1 ) .  I k c h  ans\ver, right or wrong, \\-as 
immediately follo\\-ed liy a new prol)lem. T o  minimize 
unto\vard emotional responses, tlic sulijects \yere not in- 
formed of the correctness of their anslvers. Simultane- 
ous clectroenceplialogral,hic recordings from six to eight 
scalp electrodcs \vere madc throughout tlie stridy in six 
of the ex~icrinients ill ortlcr to obtain independent cvi- 
dence of mental conceiitration attending the solution of 
the aritlinietical problems. 

hfean arterial hlood pressure was mcasured by means 
of a damped mercury manometer cotinectetl to the fe- 
moral arterial needle. Ulood oxygen and carbon dioxitlc 
contents were determined by the manometric technique of 
Van Slyke and Neil1 (11). Arterial hcnioglobin con- 
centration was measured in the Evelyn photoelectric 
colorimeter according to a modification of thc method of 
Evelyn antl Rfalloy (15) .  Blood pH \vas measured 
anerobically at room temperature in a Catnhridgc p H  
meter antl \vas corrected to 37” C. by means of the factors 
of Rosenthal (16). (*erelira1 oxygen consumption, cere- 
bral vascular resistance, and cerebral respiratory quo- 

38 + 1 9 - 1 - 7 - 5  = 3  

d 8 6 - 2 3 t  I -7- I 

d/23+4*+6 = 2  

I I  x 2 + 2 0 - 7 4 2  = 3  

a x 5  = 2  
10 

3O+ 1 5 - 8  = 3  

- 55 3 
l l  d T  = 5  

FIG. 1. SAMPLE PROBLEMS USED IN MENTAL ARITH- 
METIC STI:DY 

tient \\ere calculated as prcviously dcscrilietl ( 13). 
Blood carbon diositle tension n-as  computctl 1)y means of 
the nomograms of Peters mid Van SI jke  ( 17).  

RESULTS 

ntetl i i i  ‘f:iliIcs 1 an t1  IT. 111- 

J l l  arc tlic mcaii valiics 01)- 
taincd 111 tlic saiiie in\ estig;Ltr,rs i i i  a series ( J f  

control (let erniinationi in I iioriiial J oung incii 
ant1 in a series of t \ \ o  coii uti\ c‘ cciiitrol deter- 
niin:iticins in 13 “fatiguetl” i i i t l i \  itlu:ils (10). ‘The 
tn o coiisiuitive coiitrol iiicaitirc in( nts 11 ere niatle 
under itlciitical cotitlitic m i  Iiut \\ ere sr1):iratctl in 
tinic liy an ititerv:tl alq)ro\iiii;ititig that between 
the control ant1 exl)criiiicnt;il tlctcriiiiiiations in  
the stiitlic.5 on iiicntal :irithiiir,tic i SS an(l 63 niin- 
utes r( spectiLcly). Altlioiigli tlic iiil)jrcti in the 

u t i \  (> control stiit1ic.i \\ crc “fatiguctl” (c.g., 
~ni:iitictl aival,c four to i i  \ Iiouri past their 

uiiial 1)ctltiiiie at tlic time of the itiitly), these 
stutlics \\ ere consitlerrd :itlequate controls for the 
mental arithmetic sttitlici for ti\ o wasoni : 1 ) Six 
(J f  the 13 sul)ject\ uiwl in thi, \tiitlies on incntal 
aritlimctic \I rre siiiiilarly “f;itigiicd” ; 2 )  110 sig- 
nificant dificrcncei 11 crc foiind 1if.tn cen “fatigiietl” 
suhjcct5 and norni:il rcstctl )oiuig inen ( I O ) .  In 
one reitctl 5iihject (J. Fo.) ,  (lata o i i  ccri~ljral hlood 
f loir,  (1x1 gcn coii\iiinptioii, antl mscul:ir reiistance 
tliiring iiiciitnl arithnietic arc 1:tcLinq 1)ec;iusc. of  
ti~c1iiiic;il tlifficiiltics in the I)lootl iiitroui oxide 

r pcrtincnt i i i f  as- 
illy accomplishctl 

are inclurlctl, lion ever. 
1 he perforni:unce of mental aritlinietic was ac- 

comp:inietl liy st:itistically sigiiificarit rises in mean 
arterial I~lootl pr lire (IZI,‘iRl’) ant1 pulse rate 
from the control Im el\ (RL4HT’ : from Sh to 93 
mm. ITg, 11 < 0.01 : pulse rate: from 73 to 78 
heats pcr minute, 1’ < 0 0 2 ) .  l’licse clianges may 
be rclntctl to the inoilcrate dcgrce (if apprehension 
\\ hich. at least. according to mir suhjective oh- 
servations. many of these sulijrcts e.;hibited con- 
cerning the c l iyhy  of their ;irithinc.tical ability. 
Despite repeated a\iiir:inccs that we were not 
lrccping score. thry rcactcd a s  tlioiifih they were 
takin? an examination. antl some apologized in 
advance for :iny poor showing they might make. 
Iiitleetl. one subject (E.  I..) blocl<ctl completely 
and  mas iin;tl)lr to ansit cr even the simplest prob- 
Icni. The  reiults i t i  this study wcrc. tliereforc, e\- 

the reiiilts of 11ic 
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Subject Age c E c >: c E C L c E C E c E 

.Ifcntal nrzthnzctir-1.3 cast-s 

0.04 0.87 
s I ) +  22 67 7 0  00 119 GO 1 3  4.4 3.8 7.24 8.76 1.i 2.8 0.06 0.95 
1. Fr.t 2 6 82 96 87 86 76 67 4.2 1.0 5.60 6.0.5 1.2 1.3 

~~ ._. . . , 
67 69 98 108 5 7  60 3.7 3.6 6.45 5,( lY 1.7 1.8 0.96 0.Y.5 

62 7>5 3.4 <3.9 5 ..5 9 5 .2 5 1.3 1.2 0.Y5 1.17 
3.0 1 . 7  5.23 5.11 1.1 1.2 0.92 1.00 

S. 1i.t 3 4 
1’. 1i.t 2 2  72 85 

I .  Fi. 26 74 73 8.5 8.1 7 3  63 4.2 4.3 5.78 6.76 1.2 1.3 1 .05 0.03 
- -  8~3 ‘12 

I:. 1c.t -- ’I 7 80 84 87 83 i:, 71 

c. 1’. 2 3 72 68 80 88 103 87 4.9 4.2 4.76 4.82 0.8 1.0 0.06 0.07 
I .  I). 21 78 i 6  80 87 6-1 68 3 .7  4.3 5.77 6.<<4 1.3 1.3 0.98 1.03 
F. I<. 20 08 78 82 88 58 63 3.8 4.2 6.45 6.63 1.4 1.4 0.90 1.02 
J .  Fo. 20 68 66 86 94 64 - ~3.7 -- 5.i9 6.25 1.3 - 0.90 0.YO 

0.07 0.00 J .  -4. 24 84 93 86 90 8-1 81 3.0 4.0 4.80 5.00 
c. s. 2-1 66 74 83 92 54 57 3.7 4.0 6.78 6.98 1.5 1.6 1.10 0.96 
E. L.*t 29 78 78 84 90 57 49 3.2 3.0 5.60 6.19 1.5 1.9 0.98 0.94 

1.0 1.1 

Rlean 23.7 73.2 78.1 86.3 92.5 69.2 66.8 3.97 4.00 5.86 6.16 1.29 1.4%5 0.97 0.98 

n i  <0.02 <0.01 >0.3 >0.9 <0.1 >0.05 <0.2 >0.1 >0.l 
Stand. Error 1 1.1 1 1 . 9  1 2 . 8  h1 .8  1 3 . 1  1 4 . 0  k3.6 1 0 . 1 2  &0.07 1 0 . 2 2  i 0 . 3 2  1 0 . 0 8  1 0 . 1 5  1 0 . 0 2  g I . 0 2  

Consccntin*e control deterininatinns in 1.7 .fafiglied subjrc-1.7 

I I1 I I1 I I1  I I1 I I1 I I1 I I1 
~ ~~ 

0.93 1.02 Rlean 23.6 71.0 72.7 90.2 96.0 64.8 60.0 3.65 3.52 5.85 6.02 1.46 1.68 
Stand. Error e 0 . 9  1 2 . 1  1 2 . 7  1 2 . 5  h 2 . 1  i 5 . 3  1 3 . 8  1 0 . 2 1  1 0  16 1 0 . 3 4  1 0 . 2 9  10 .12  zk0.12 1 0 . 0 3  i o 0 2  
PI >0.3 <0.01 >0.1 >0.4 >0.5 -0.01 <0.0.5 

Normal y o u q  men-11 cases 
~~ 

11Iean 21.8 60.3 86.5 54.8 3..N 
Stdntl. Error =0.6 1 2 . 6  1 1 . 7  1 4 . 3  1 0 . 2 3  
PO >0.1 >0.2 >0.9 <0.05 <0.05 

6.25 
1 0 . 4 0  
>0.3 

1.68 
i 0 . l . i  
<0.02 

0 . Q Z  
10 .03  
>0.1 

n 
-3 m 

0 z 

2 
m 
n s 

* Not inclrided i n  statistical analysis because of completc mental block tlr~ring mcntal ;irithmctic. 
t Indicates “fatigiicd” subjects in  mental arithrnctic series. 

I~eprcsents signiticance of change hetwmi txvo tieterminations as calculated by method of paired coinparisoils. 
Represents signilicance of diflerence het\veen normal young men and control values i n  mcntal arithmetic seriec 



TABLE 11 

Blood constituents during mental arithmetic 
r 

0 2  content COz content Cot  tension 
Hb Vol. x Vol. 96 PH mm. IIg 

concentrations 
Grains yo Arterial Int. jugular Arterial Int. jugular .4rterial Int. jugular Arterial Int. jugular 

C E  C 1; C E C E C E C E C E C E C E  
______ 

Subject 

Alental arithmetic-I.? cases 
J. Fr. t  12.4 12.5 
s. n.t 13.9 14.2 
s. K. t  13.7 13.5 
P. I<.i 13.9 13.9 
R. K.t  14.3 14.2 
J. Fi. 15.0 - 
c. r. 14.2 - 
I .  l). 13.6 - 
F. IC. 14.5 - 
J. Fo. 15.0 - 
J. A. 16.1 - 
E. L.*t 16.4 16.4 
c. s. 16.1 - 

17.00 17.33 
19.10 20.10 
18.86 18.90 
18.80 18.82 
19.61 19.53 
19.65 19.80 

11.31 11.28 48.29 47.40 
11.86 11.34 42.67 42.39 
12.41 12.91 44.96 45.73 

53.61 52.65 
49.60 50.71 
51.15 51.39 
57.57 57.65 
.52.58 Y.79  

7.41 7.38 7.34 7.37 
7.35 7.39 7.32 7.32 
7.31 7.36 7.27 7.30 

39 42 
40 37 
45 42 

50 48 
49 51 
56 53 
- -  
- _  

z z 
2 n 
0 c * v 

1.1.21 13.59 
14.38 14.22 

52.28 51.51 
47.75 48.67 - _  

44 42 
46 46 
45 47 
43 42 
47 47 
46 40 
41 42 _ _  

13.87 13.04 
17.66 17.93 12.00 13.11 
18.11 18.44 12.34 12.10 
19.20 19.43 12.75 12.80 

50.30 49.52 
54.06 53.53 
51.69 50.97 

56.39 55.83 7.39 7.40 7.32 7.32 
58.61 58.20 7.40 7.38 7.35 7.32 
57.32 57.54 7.39 7.35 7.35 7.31 

57 56 
51 48 
53 57 ?: 

P 53.60 54.40 
53.39 53.68 

7.37 7.38 
7.34 7.33 

7.32 7.32 
7.29 7.29 

53 54 
57 58 

47.20 47.62 
48.17 47.52 
50.37 48.17 
49.53 50.12 
44.56 44.93 

48.94 48.60 

19.78 19.93 
18.90 19.07 

13.99 13.68 
14.10 14.07 
13.36 13.53 
14.60 14.50 

55.03 53.96 7.38 7.42 7.36 7.36 
57.10 56.84 7.41 7.42 7.38 7.38 
50.06 50.77 

~~ 

52 50 
51 50 20.23 20.51 

20.20 20.69 

hlean 14.4 13.7 
Stand. Error 1 0 . 3  f0.3 
P: > o s  

18.91 19.15 
f 0 . 2 7  f 0 . 2 7  

<0.02 

54.66 51.72 7.38 7.38 7.33 7.33 43.6 42.7 53.2 53.5 
4~0 .9  f1.2 

>0.7 

m 
W 

13.04 12.97 
1 0 . 2 8  f 0 . 2 8  

>0.5 
f 0 . 9 1  f 0 . 8 4  

>0.2 
i 0 . 8 1  f0.72 

>0.7 
1 0 . 0 1  fO.01 

>0.5 
+0.01 fO.O1 

>0.8 
f 0 . 9  +l.O 

>0.9 

Consecutiele control deterininatzons in 13 fatigued subjects - 

I I1  I I1 I I1 I I1 I I1 I I1 I I1 I I1 I I1 

l l ean  14.0 14.1 19.25 19..37 13.46 13.28 48.37 48.07 54.21 54.14 7.41 7.39 7.36 7.34 40.9 41.7 49.5 51.0 
Stand. Error f 0 . 3  f 0 . 3  1 0 . 3 7  f 0 . 3 2  44.27 f0.27 f 0 . 5 9  A0.51 f 0 . 5 6  f 0 . 4 6  fO.01 fO.01 fO.01 f 0 . 0 1  f 1 . 2  f 0 . 8  f 1 . 3  f 0 . 9  
PP >0.1 >0.3 >0.5 >0.3 >0.8 -0.2 <0.1>0.05 >0.3 <0.05 

~ ~~~ ~~~ 

A-orornzal young men-11 cases 

Alean 14.6 19.44 13.20 47.45 53.11 7.39 7.34 41.3 51.6 
Stand. Error f0.5 1 0 . 4 9  f 0 . 5 3  1 0 . 7 3  10 .60  fO.01  fO.01 f 0 . 9  5 1 . 3  
PS >0.7 >0.3 >0.7 >0.2 > o  1 >0.3 > o s  <0.1>0.05 >0.3 

* Not incluc!,ed in statistical analysis hecaiise of complete mental block during mental arithmetic. 
T Indicates 
$ Represents significance of change between 2 determinations as calculated by method of paired comparisons. 
5 Represents significance of diHerence between normal yoring men and control values in mental arithmetic series. 

fatigued” subjects i n  mental arithmetic series. 
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cluded from the statistical analysis. The  blood 
pressure rise during iiicntal arithmetic was not 
significantly different (11 > 0 9) ,  however, from a 
com1)aral)le rise in the consecutive control de- 
terminations, from 90 to 96 nim. Hg (1) < 0.01) 
(Table 1 ) . l'here was no apparent anxiety or 
apprehension in the latter group to explain this 
rise, Imt there 1% ere frequent complaints of restless- 
ness an(l discomfort frcini lying in one position 
for 5 0  long a period of time. Xo such complaints 
\yere heard in the mental arithinetic studies, per- 
haps, becatise of a prroccupation with the arith- 
metical problems. Unlike the results in the sub- 
jects performing mental arithmetic, no significant 
change in pulse rate occurred in the consecutive 
controls. 

I h p i t e  the rise in RIABI', cereliral 1)loutl flow 
( C I V )  (lid not change from the control level 
during mental arithmetic ('T;ible I i f  'The rise in 

ular resistance (CVK) Lzhich ac- 
companied these changes was sinall, however, and 
l a c l d  statistical significance. A slightly greater 
but statistically significant increase in CVR was 
observed in the second of the consecutive con- 
trol determinations, the mean ia lue being 1.7 mm. 
H g  l)er cc. per 100 g. per min. compared to 1.5 
iiim. Ilg per cc. per 100 g. per min. in the first 
deterininatiun (11 + 0.01 ) .  Despite the mental 
effort and despite a shift in the electroencephalo- 
graphic pattern to higher frequency, lower voltage 
rhythms during mental arithmetic (Figure 2) , 
both the control and the experimental values for 

cerebral oxygen consumption ( CMRo2) were 
identical. Nor was Ci\IKo, altered significantly 
in the two consecutive control determinations. 
Cerebral respiratory quotient (R.Q.) was also 
unchanged during mental arithmetic although a 
statistically significant increase from 0.93 in the 
first to 1.02 in the second of the two consecutive 
control determinations occurred ( p  < 0.05). 

Except for a rise in arterial oxygen content 
from the control level of 18.9 vol. per cent to 19.2 
vol. per cent ( p  < 0.02), no significant changes 
were found in any of the blood constituents dur- 
ing mental arithmetic. Since no increase in hemo- 
glolin concentration was observed in the five cases 
inclutled in the statistical analysis in which com- 
plete data were obtained, it may be that a hy- 
~~erventilation associated with the anxiety was 
responsi1)le. This explanation is questionable, 
hoizever, in view of the statistically insignificant 
decrease in arterial C 0 2  tension. 

il, coniparison between the control values in the 
mental arithmetic studies and the results in an- 
other control series of normal rested young men 
reveals some surprising differences. The mean 
cerebral hlood flow, 69 cc. per 100 g. per min., in 
the control determinations of the mental arith- 
metic studies significantly exceeded the value, 55 
cc. per 100 g. per min., in the independent con- 
trol series ( p  < 0.05). This difference was as- 
sociated with a correspondingly lower cerebral 
vascular resistance in the control period before 
mental arithmetic than in the independent control 



gr<~iip (iiicaii I alii( s, 1 3 ant1 1 .T iiiiii. I Ig per cc. 
per 100 g. 1wr iiiiii., rc\pccti\ e l j  ; 1’ < 0 02).  I t  
is possil~lc tliat tlie greater arterial carlioii tliouitle 
tensioii (43 O iiiiii  €1:; ccimpared to 41.3 iiiiii. 

I Ig ) of the iiiciital ai-ithliietic g ro~ ip  \vas respoiisi- 
I,le [or tlir ir lo\\ er cerel)rnl \ ,tscular resistance antl 
higher cerebral bluocl f 1 0 ~  altliough this tliuierciice 
Iacketl statiitical sigiiiIicaiice (11 < 0.1 > 0 05).  
\lie contributing, l’crlixps, to tlic high ct.rel)ral 

I)loocl !lo\\ ant1 cerelml aiciilar reiistance of 
the sulijecti iii the i i i t i i c i l  aiithiiictic itutlici nab  

their ui iu~i ia l l j  high \:iliie for (‘AlI<lj2. 4 0 cc. per 
I00 g. pcr miii , coriipiicd tci the 3 3 cc 1xr 100 g. 
I i t r  iiiiii .  ol,tniiictl iii thii iiidcpm(1ent group of 
t i o i  iii:tl rcstcd > ouiig iiieii, ;ix c 11 :i\ 111 otlieri 

:iltie\ of 
CBF antl  Clzll:o, aiitl IO\\ I alups of CVI i  were 
oliser\ rd in the first of the con 
tcriiiinatioiis in “fatigii( (1” iiilijects, tliesc. \ d i i c s  
did iiot differ signiiicmtly froiii thow iii rested 
ycning iiicii.  L l l i ( ~ ,  i ic) iigniiic:iiit tlifTcrcmcei ere 

the i-cx\tc (1 :ui(l t h r x  “i:itigiietl” 
\\ itliiii tlir i i i (  nt:il ;irithnic+c 

(13). 
A\ItIii!iigli similar tentlciicics for Iii;;:h 

scrie5. 

uIscu~IIo\  

One of the most intriguing prolilciiis in a l l  of 
neuroplij siologj is the nature of ineiital 1)ro 
such as thought ai i t l  reasuii. Yet. iiiiofar as I 
logical investigation is cuiiceriic(1. it reniniiis, to 
a great extent. uiie\ploretl territory. In ortler to 
apliro;ich tlic prol)leiii, n e ha\ e ncccptetl the cotn- 
iiioii, though 1,) no iiie:iiis m i \  c.rsal, tiotioii that 
mental functionz i csitle ithin the liraiii, nntl the 

lit5 the polper area for their in\ esti- 
gatioii. 1 la\ iiig t I i i i \  1-c 5011 et1 tlic qiieitiiiii of 
site, \i c ha\ e attc iiiptctl to tletcrmiiie whether the 
iiieiital prwe\srs in\ 1111 et1 iii the perforiiiaiicc of 
iiiciital arithiiietic are of a t! pc in which ciicrgy 
utilization or traiisformaticm occurs. A poiitive 
result that thought processe5 rccluire the utilimtion 
of additional citiantities of ox) grii Iiy the 1)rniii 
11 oultl h v e  let1 to such a concliision. Tn Y i e w  of 
our negatix e rciiilt5. Iiou ever, the concluiions are  
far le55 oInioti5, antl 11-e niust givc careful COII- 

sideration to a nuni1)er of possihlv iiitcrl)retaticJtii. 
First  of all. it must he poiiitetl out  that in the 

strict phj sical i t  nie, the perforiiiniice of a iiw- 

ful function is not iynonj nioiis \\ ith the pcrforrn- 



mxie ty  alters ccre1)ral circiilntion and iiietaliolisni 
(7, 19). In ortlvr to csplaiti the findings of sub- 
5t:Liiti:ilIy higher ccmtrol v;iliics for cereljral blood 
flo~‘ ;tml osygyii coiisiiiiiptiti~i iii the nicntal arith- 
metic grt in11 than iii ;in iiidepentlcnt group of coii- 
trcils. tlir iiossiLlc i t i l l ~ t c m x  of  anxiety cannot be 
disregnrtlctl. These txvo series of studies \\ere per- 
f (  J i - l l l l Y ~  tiiitlcr siiiiihr conditions 115’ t!ic same group 
~f \\.orlicrs c>i!il~l(~ying itlciitical methods. atid the 
t \ v o  groulis of sul,jccts clioseii at rantlum from 
the s;iiiie 1 I o o I  of vuliiiitcers. Furthermore, the two 
series were contlucted simiiltancously so that iii- 
tlivitlual sttidics \\.ere niort: or less raiitloiiily dis- 
triliutctl I)ct\:~ccn thciii. I t  is true that five of the 
i i imt : i I  ai-itliiiictic siilijcas iiiclutletl iti the statistics 

t l  sc\.c.r:il Iioiirs i i i  slcep prior to the 
itiii!!.. I J l I t  :! 1 : t i . p  gi-oiq) oi siniilnrly “fntiguet!” 
5iil)jccts l i ; t \ . t t  slio\vn no sigiii 1;c:ttit tlifitwiices from 
the intlc1)(~ii(lciit grciup of nciriii:il controls ( 10). 
;\lso \ v i h i i i  tile niciital ;irithiiic 
ii( J rccclgiiizal,li* tliiTerences Iict 
;inti i-cstc,tl xiilijrcts. The  on 
pirent clifferciicc~ l)ct\\ n the suhjects eniployed in 
thc iiicnt:iI ;irithiiictic stiit1ic.s a n d  the normal coil- 
trols \vas iii the degree of anxiety eshibitetl. The 
snlij(1ct s in  the mciit:il arithmetic studies evidenced 
consi~l(~r:il)lc :ii)iJr(~li(~iisitiii :iI)oiit the s h r i n g  they 
\ \ .o i i l< l  ii i : i l ,c-  j i i  sc 111 iiig the prijhleiiis, not only dur- 
ing tlic, c~.l)t~i-inieiit:il prriotl, I)ut eve11 during the 
Iii-{,Ii:ir;itioiis i(l1- t l ic .\iiitly I~cfcirc. tlie control de- 
tci-minntic~n. I n  t l i c a  ;ilisencc o f  any  other apparent 
kictor, aiixicty nirrst he sirspcctetl as a possible 
catisc t)i tlic clcvatecl ccre1)ral I)lootl flow and 
iiic.tal)cilic rate in this group of suhjects. 

S U S I h l A R Y  

1. Studies o f  ccrel~ral  circulation antl iiietal)o- 
liwi a t  reit ant1 during the mental cxertion re- 
(!iiii c t l  i n  sill\ in? 1irol)letiis in arithmetic were 
m:ide i n  13 5 cinng iiiiix cni ty  students antl faculty 
iiieiiilicri. 

2. DesI,iic. a ihift iii the clectrociiceplialograp~iic 
pattern t ( J  Ion cr  voltage, Iiiglier frequency, asyii- 
clironoiii nctivitici and siiixll h i t  statistically sig- 
nificant riic.5 in pnlse rate and mean arteria! blood 
prc’siure. iio c h i g e i  in cerebral l>lood flow, cere- 
1)r:il O\.J ::( ii coiiiumption, cerchral vascular re- 
5iitxice. and ccrclirnl 1: .(?. from the control levels 
I\ (’rc O I M  r\  et1 (luring thc perforinnnce of mental 
ai itlinictic. 
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3. Except for a slight increase in arterial oxy- 
gen content, mental arithmetic was not accom- 
panied by any changes in ldood constituents such 
as oxygen and carbon dioxide concentrations, 
carbon dioxide tension, pE-1, or arterial hemoglobin 
concentration. 

4. Comparison between the subjects in the men- 
tal arithmetic study and an independent group of 
normal controls reveals significantly higher values 
for cerebral blood flow and oxygen consumption 
and a lower value for cereliral vascular resistance 
in the mental arithmetic suhjects, even during the 
control determinations. The only immediately ap- 
parent cliff erence between the two series which 
might account for these changes was the obvious 
anxiety exhibited hy the mental arithmetic sub- 
jects at exhibiting their arithmetical ability. 

5. These findings demonstrate a lack of corre- 
lation between both the degree of mental activity 
and the electroencephalographic pattern and the 
rate of oxygen consumption of the brain as a 
whole. 
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